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ABSTRACT

Data for five meristic characters from shad sampled in 1956 in the Hudson
and Connecticut Rivers were found to be representative of each shad population,
These data were used to derive a calculated diseriminant function which cor-
rectly classified 71.6 percent of a mixed sample of Hudson and Connecticut
River shad., The percentage correctly ed was inereased w
in the region of greatest overlap in meristic counts were not classified. Using
this procedure, 79.7 percent of the fish were correctly classified and 20.3 percent
were incorrectly classified.

The calenlated function was applied to meristic data obtained from samples
of shad taken on the New York-New Jersey coast. The proportion of shad
landed on the coast classified as Hudson River or Connecticut River shad was
T7 percent and 23 percent, respectively. Correcting these data for the 20.3
percent error in classification, the distribution of the 1956 coastal catch was
estimated to be 90 percent Hudson River shad to 10 percent Connecticut River
shad. The presence of shad in the coastal samples native to areas other than the
Hudson or Connecticut Rivers was considered to be negligible. The results
obtained in the meristic study compared favorably with those obtained from
a tagging study which was conducted concurrently with this investigation.

eil thie fish
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CONTRIBUTIONS OF HUDSON AND CONNECTICUT RIVERS TO
NEW YORK-NEW JERSEY SHAD CATCH OF 1956

By Kenneth J. Fischler, Fishery Research Biologist
BUREAU OF COMMERCIAL FISHERIES

In 1949 the Congress of the United States, act-
ing on the request of the Atlantic States Marine
Fisheries Commission, appropriated funds for
the United States Fish and Wildlife Service to
conduct an Atlantic coast study of the Ameri-
can shad (Alosa sapidissima). The purpose of
this investigation was to determine the factors
affecting the abundance of shad and to recommend
measures whereby the fishery could be managed
to obtain sustained yields. The shad is an ana-
dromous fish which spends most of its life in the
sea but ascends rivers in the spring to spawn. The
young stay in the rivers until fall and then enter
the ocean where they remain until sexually mature,
3 to 5 years later.

In this paper, meristic data are used to deter-
mine what percentage of the shad catch from the
New York-New Jersey coast is native to the Hud-
son and Connecticut Rivers. Previous years’ tag-
ging experiments on the New York-New Jersey
coast have shown that most of the shad caught
here are native to the Hudson and Connecticut
Rivers (Talbot and Sykes, 1958). Talbot (1954)
and Fredin (1954), in their efforts to predict the
size of the shad runs in the Hudson and Con-
necticut Rivers, concluded that yearly fluctuations
in the catch of shad off the New York-New Jersey
coast could affect the number of shad available
to the fishery in these rivers. Thus, if regulations
were adopted to increase the size of runs in these
rivers and a large portion of the shad were landed
on the coast, any benefits of the regulations to the
river fisheries would be of limited value.

Hill (1959) postulated that it was possible to
separate, with a high degree of accuracy, Hudson
River shad and Connecticut River shad in a mixed
sample belonging to both of these rivers by apply-
ing the method of discriminant function analysis

NoTE.—Approved for publication, June 3, 1958. Fishery Bul-
letin 163.

to the counts of certain meristic characters. Hill
analyzed meristic data obtained from the Hudson
River in 1939 and from the Connecticut River in
1945. In the present study, meristic data collected
in the same year (1956) from both rivers were
used to derive a discriminant function. This funec-
tion was then used to determine the percentage of
shad from the Hudson River and from the Con-
necticut River landed on the New York-New
Jersey coast in 1956. In the analysis of data it
was assunied that only shad native to the Hudson
and Connecticut Rivers were present in the coastal
samples. The results of this analysis were
compared with those obtained from a tagging
experiment (Nichols 1958) that was conducted
concurrently with the meristic study.

Staff members of the U.S. Bureau of Commer-
cial Fisheries Biological Laboratory, Beaufort,
North Carolina, assisted in the study, and shad
fishermen along the New York—New Jersey coast
and on the Hudson and Connecticut Rivers gener-
ously supplied fish from which the meristic counts
were ohbtained. The author is also indebted to
Donald R. Hill for his review of the statistical
methods used in the manuscript.

COLLECTION OF DATA

In the spring of 1956, meristic data were ob-
tained from shad landed at three locations on the
New Jersey coast and at two locations each in
the Hudson River and in the Connecticut River.
The two sampling locations in the Hudson River
and the Rocky Hill sampling location in the Con-
necticut River (figz. 1) were located on shad
spawning grounds. Samples from the New
York-New .Jersey coast were obtained over an 8-
week period beginning April 1. Collections were
made at Beach Haven, Point Pleasant, and Port
Monmouth, N.J. Since the fish obtained at Port
Monmouth were actually caught in the Staten
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Fioure 1.—Shad sampling areas aluong the New York-New Jersey coast and in the Hudson and Connecticut Rivers in 1956,



ORIGIN OF NEW YORK-NEW JERSEY SHAD CATCH,

Island, N.Y., area, they will be referred to as
Staten Island fish. Shad sampled at Beach Hav-
en were taken from pound nets fished 2 miles north
of Beach Haven, and the shad sampled at Point
Pleasant were taken from pound nets fished 3
miles north of Point Pleasunt. Samples from
the Hludson River were taken weekly at Malden
and Kingston, N.Y,, beginning May 8 for a period
of 4 weeks and at Old Saybrook and Rocky Hill,
Conn., on the Connecticnt River, for a 5-week
period beginning May 16. Table 1 lists the num-
ber of shad sampled at each sampling location.

TABLE L.—Number of shad (Alosa sapidissima) sampled,
by 1weeks, on News York-Neaw Jersey coust and iv Hud-
son. and Conneclicut Rivers, spring 1956

New York-New Huddson Connecticut
lersey coast River River

Sample week Total
Beach | Point [Staten | Kings-|Mald- | Old  {Rocky
Haven,| PMeus- [Islanid,| ton, en, Say- | Hill,
NI ant, | NLYL | NLY. | NUY. | brook, | Conn.
NI Conn.

March 31-

May 26=June 1_
June 2-8

Total..... 85 1490 155

&
z
g
g
g

Meristic counts, fork length, weight, sex, and a
scale sample were taken from each of the 790 shad
studied. The age of each shad was determined
from its scales using methods outlined by Cating
(1953). The meristic counts were defined as fol-
lows:

Anterior scutes: All scutes from the most an-
terior scute just reaching the branchiostegals,
counted posteriorly up to and including the scute
between the ventral (pelvic) fins. The embedded
portion of the last. anterior scute is anterior to the
origin of the ventral fins,

Posterior scutes: All scutes posterior to the ven-
tral fins. The exposed surface of the first pos-
terior scute in adult fish is usually longer than
that of the last antevior scute.

Pectoral-fin rays: All vays in the left pectoral
fin were counted.

Dorsal-fin. rays: All rays including rudimen-
tary and well-developed spinous rays (at the
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anterior edge of the fin) were included in the total
fin-ray count.
Anal-fin rays: Same as in the dorsal rays.

REPRESENTATIVENESS OF SAMPLES

The shad samples from the Hudson and Con-
necticut Rivers were taken in large-mesh gill nets
(averaging 514 inches stretch measure), and sam-
ples from the New York-New Jersey coast were
taken in pound nets. Because gill nets tend to
select the larger shad while pound nets are re-.
garded as nonselective, there was a possibility that
the river-sampled shad did not represent all size
classes in each population, and that in their me-
ristic count. the samples taken were not represent-
ative of the exploited population in each river.
To determine whether the sampled data were
representative, the meristic counts were analyzed
in the following manner with the results
indicated :

1. Analysis of variance for linear regression of
each meristic count on length in the samples ob-
tained from each location in the Hudson and Con-
necticut Rivers showed no significant relation.
Therefore, the counts can be regarded as V‘u'ymg
mdependentlv of length.

2. Since none of the individual meristic counts
varied significantly with length, the five meristic
counts from each shad were added. These sums
were used after grouping the samples by river,
sex, and age group to test for any cumulative
meristic variation with fish length. Of the 17
regression analyses, only. one group of fish, 6-year-
old males from the Hudson River, showed a sig-
nificant regression (5-percent. level) between total
count and length. This single relation will be dis-
regarded because signiticance of this nature can
be expected to occur by chance in 1 of 20 snml.u'
statistical tests. :

3. Analysis of variance tests, using data from
all shad collected at each location in the rivers,
indicated no significant differences in meristi¢
counts between males and females of the same age
group or of different age groups (4-, 5-, 6-, and
T-year-old fish).

4. There were no significant differences in total
meristic eount between weeks at each location, be-
tween locations, or between weeks at different lo-
cations in each river. The interaction of weeks
with location was not significant in either river.
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From the results obtained, it can be concluded
that there was no significant relation between in-
dividual meristic counts or between total meristic
counts and length. Also, no significant differences
in total meristic count between the age groups in
each river, between males and females of any age
group, or between individual samples taken in
each river were found, although the samples were
obtained over a period of several weeks and at
two locations in each of the rivers.

Therefore, as regards meristic counts, samples
of shad taken in the Hudson and Connecticut
Rivers in size-selective gill nets will be considered
representative of the shad population in each
river subject to exploitation by the commercial
fishery and will be referred to collectively as the
Hudson River sample (160 fish) and the Con-
necticut River sample (200 fish).

The meaning of population as used in this
paper is synonymous with local population as
defined by Mayr, Linsley, and Usinger (1953) as
follows: “The individuals of a given locality
which potentially form a single interbreeding
community.” A population can differ from an-
other population In the mean values of various
quantitative characters and also may differ to
some degree in gene makeup or frequency.

ANALYSES OF MERISTIC DATA

To determine whether there were significant
differences in meristic counts between shad from
the Hudson and Connecticut Rivers, analyses of
variance of the five meristic counts from samples
taken in each river were calculated. These analy-
ses are summarized in table 2. Three of the five
counts showed a difterence between rivers at the
I-percent level of significance and one count
showed a difference at the 5-percent level. Those
characters showing a difference at the 5-percent
level or higher were the posterior scutes, dorsal-
fin rays, pectoral-fin rays, and anal-fin rays. These
four characters were of most value in separating
& mixed sample of fish native to the two rivers.
Linear discriminant funection analysis applied to
the meristic data was used to ascertain the best
separation of a mixed sample of Hudson and
Connecticut River shad. A simple discriminant
function and a more complicated calculated dis-
criminant function were both presented as a
means of separating a mixed population. It was

shown that the calculated function distinguished
Hudson from Connecticut River shad in a mixed
sample with a higher degree of aceuracy than
the simpler function.

TABLE 2.—Anulyses of variance for the five moeristic char-
acters to test for difference beticeen rivers in 1956

[All fish (360) sampled in the Hudson and Connecticut Rivers were used in
these tests

Source of varlation df Sum of Mean Variance
squares square ratio ¥
Anterior seutes:
Means. ... ______.. ... ... 1 1. 742 1.742 3.3
Withingroup_.___..._... 358 190. 455 L8682 | ..
Total. ... ......... 359 192.197 | [eeoeiol.
Posterior scutes:
Means. ... . ..ooo... 1 22, 894 22,504 **34.5
Withingroup._.__....... 358 237. 7T 064 |
Total . ... ... ... 3549 280,664 |- ]ieie ol
Dorsal-fin rays:
Means R 1 3.209 3.209 *5. 4
Within group R 358 212. 055 CBO2
Total. ... _....... 359 215,264 |- |eaall
Pectoral-fin rays:
Means._______.___.____._. 1 23. 401 23. 461 **55.5
Within group. .. __._..._. 358 151. 514 428 |
Total. ... ... 359 174975 |-l
Anal-fin rays:
Means_. ... ........ 1 22, 445 22,445 4242
Within group.._.._....... 358 332. 645 W29 |l
Total. . ... 359 355,100 | .o

*Significant at 5-percent level.
*+3ignificant at 1-percent level.

SIMPLE DISCRIMINANT FUNCTION

Following the methods developed by Ginsburg
(1938) and used by Raney and de Sylva (1953),
the sum of the five meristic counts for each fish
was determined for all of the shad sampled from
the Hudson and Connecticut Rivers in 1956.
Actually, in summing the five counts, use is
made of a simple linear diseriminant function,
Z=X,+X,+X,+X,+ X, In this function, I,=
anterior scutes; A',=posterior scutes; X',=dorsal-
fin rays; .Y, =pectoral-fin rays; X;=anal-fin rays;
and Z=sum of the five counts. From the sums
or “character indices™ of all the fish in the
sumples, the frequency distributions of the counts
from each river were tabulated (table 3).

The overall bias, or percentage of misclassifica-
tion, of shad native to the Connecticut and Hud-
son Rivers is lowest when the distinetion between
the two populations is made between counts of 92
and 93. The number of shad sampled from the
Connecticut River with a total count above 92 is
35, or 17.5 percent of the sample. The number
of shad sampled from the Hudson River with a
total count below 93 is 73, or 45.6 percent of the
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TABLE 3. —Frequency distrihntions of ximple lincar dis-
criminant function applicd to mcristic data from Hud-
son and Connccticut River shai

[Z=Xi 4 Xo4 N+ X+ Xy

Z Connecti- | Hudson
cut River River

Tatal_.. R A0 160
Mean. .

sample. The average percentage of shad sampled
from the Connecticut River with a total count
higher than 92 and of shad from the Hudson
River with a total count Jower than 93 is 31.5
percent. If shad with a total count above 92 are
considered as being native to the Hudson River,
and shad with a total count. below 93 are consid-
ered as being native to the Connecticut. River, the
overall error of classitication will be 31.5 percent.
Conversely, an average of 68.5 percent of a mixed
sample of Hudson and Connectient. River shad
will be correctly classified. The method used to
determine the percentage of shad correctly or in-
correctly classified is given by Ginsburg (1938).

CALCULATED DISCRIMINANT FUNCTION

Rao (1952), Johnson (1950), and Hill (1959)
show a method of finding the best. linear diserim-
inant function for two multivariate normal popu-
lations. This method gives emphasis to the large
differences that occur in posterior scute counts,
pectoral-fin ray counts, and anal-fin ray counts be-
tween shad from the Hudson and Connecticut
Rivers, and also makes use of the smaller differ-
ences (not necessarily significant) that occur in
anterior scute counts and in dorsal-fin ray counts.
This discriminant function takes the form I'=
aX,+bY.+eX,+dX,+eX, in which X, through
X represent the same meristic counts as pre-
viously defined, and the coefficients (& through e)
are derived constauts.

To obtain the diseriminant function, the pooled
“within group™ sums of squares and sums of prod-

507801 O -59 -2
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uets for the meristic data from shad of the Hud-
son and Connecticut Rivers were divided by the
number of degrees of freedom (358) which gave
the variances and covariances that appear in table
4 in the form of a 5 by 5 matrix.. The variances
are in table 4 under .I,X.Y,, [\.X., ...,
X.XX,, and the covariances under the various -
combinations X, XX, XXX, o XX
Following Rao (1952) and using the pivotal con-
densation method, the best linear discriminant
function, using all five meristic characters, was ob-
tained from the 5 by 5 matrix. The calculated
function which will best discriminate between
Hudson and Connecticut River shad is ¥=
0.1053X, + 08014, + 0.0292.Y, + 1.1978X, +
0.5173Y.. The method used to determine the dis-
criminant function is illustrated in the appendix.

Tanti $—Variances and. corariqanecs of the five meristic
counts in the samples of Hudson and Connceticut River
shad, 1056

[Base:l on 360 shad]

Meristic counts X X X Xy X; | Difference
in mein

B T 0.5320 | 0.0060 | 0.0233 | 0.0200 | 0. 1034 0. 1400
AY 06 | L6RE2 T 0235 [—. 008S . 5080
0243 | L0235 [ L5028 | L0700 1900

Lo = oss | o700 |, 4204 5140

L1054 —.msn' .1283' .0257 5030

The mean values of the meristic counts obtained
in samples of shad from the Hudson and Connect-
ieut Rivers are shown in table 5. By substitut-
‘ing these values into the caleulated diseriminant
function, ¥=0.1053Y,+0.80141,+0.0202.Y;+
1.1978.X,+0.6173.7;, the mean ¥ values for shad
from the Hudson (45.00) and Connecticut Rivers
(43.70) are obtained. The mean ¥ value for the
Hudson River sample is separated from the mean
T value for the Connecticut River sample by 1.30
units. This ditference is also the variance of the
discriminant function and is termed 7»* (Rao
1932). If D* is the variance of the discriminant
function, the normal deviate is l—)) with mean 0

and a standard deviation of 1. The probability

. . D .
of obtaining a normal deviate equal to - is equal

to the probability that a tish from one of the two
rivers will be classified correctly when the derived
diseriminant. function is nsed. The probability of

. D e . .
a normal deviate, 5 or 05Tl is equal to 1 minus
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the probability of a deviate falling outside the
range of 0.571 in a 1-tailed normal distribution.
This probability equals 1 minus 0.284 (Fisher and
Yates, table IX, 1953) or 0.716. Thus, the calcu-
lated discriminant. function will corvectly classify
71.6 percent of the fish in a mixed sample of Hud-
son and Connecticut River shad.

TARLE H.—Means of the five meristic counts in the sumples
of Hudson and Connccticut River shad, 1956

Meristic count Hudson Connecti-
River! |cut River?
Anterlorseutes. Ny ... 21,87 21,73
Posterior scutes, X 15. 56 15.05
Dorsal-fin rays. Xa___.__ 18.17 17.99
Pectoral-fin rays, .X; .__ 15. 44 14.93
Anal-fin rays, Xs. ... 21. 66 21. 18
L2111 1 ¢ 9.7 90. 9

! Based on 160 shad.
?Based on 200 shad.

Straight addition of the counts and the use of
these “character indices™ would correctly classify
68.5 percent of the shad in a mixed sample from
both rivers, while the more complex calculated dis-
criminant function will correctly classify 71.6 per-
cent of these fish as to their native river. Rao
(1952) gives a test to determine if the more com-
plicated discriminant function is better than the
simpler character-index type of function when the
theoretical midpoint between the two populations
is the hasis of separation. Applying this test
to the two functions, an 7 value of 7.45 was ob-
tdained, which is significant at the 1-percent level.
Therefore, the calculated discriminant function
was significantly better than the simpler function.

Three assumptions must be satisfied before the
preceding analyses are valid: that the samples
approximate multivariate normal populations:
that they have equal variances and covariances;
and that they are large enough to be representative
of the shad population in their respective rivers.
Each of the five meristic characters in the samples
used in the calculations approximated normal dis-
tributions. Tests for the homogeneity of variance
(Snedecor 19536) of each meristic count in shad
from both rivers indicated equality. Earlier it
was shown that there was no significant correla-
tion between meristic count and length of the
shad. Using methods given by Snedecor (1956),
the range of the variates in the meristic samples,
the estimated size of the 1956 shad population in

each river (Nichols 1958), and the tests applied,
the number of fish in each sample was known to
be large enough for the sample to be considered
representative of each population. It was con-
cluded, therefore, that the discriminant function
was developed from sufficient data and that the
samples from the two rivers were representative
and did approximate multivariate normal popu-
lations with equal variances and covariances.

REDUCING ERROR IN CLASSIFICATION

The distance between the mean 17 values of
shad in samples from the Hudson and Connecticut
Rivers after application of the caleulated dis-
criminant. funetion is 1.30. Dividing this figure
by 2 and adding the quotient to the mean for fish
from the Connecticut River, the value 44.35 is
obtained. All shad having a greater value than
this are considered of Hudson River origin, and
those below this value of Connecticut River origin.
This function will classify correctly, as previously
stated, 71.6 percent of the fish in & mixture of
Hudson and Connecticut River shad, and incor-
rectly 28.4 percent. A reduction in this error of
classification would be desirable.

In figure 2, two theoretical normal curves are
shown representing the J° values for samples of
equal size from the Connecticut and Hudson
Rivers, and with the line of diserimination inter-
secting the line of 17 values at 44.35. The error
of classification (28.4 percent), using 44.35 as the
separation point, is indicated by the dotted
and vertical line areas. If every shad with
a T wvalue above 45.00 is classified as a Hudson
River fish, and if every shad with a I value below
43.70 is classified as a Connecticut River fish, the
maximum error of classification of fish from either
the Connecticut or the Hudson River is equal to
the probability of a deviate falling outside the

1.30
9

range of the normal deviate 11z OF an error

of 12.7 percent (Fisher and Yates, table IX,
1953). This error is represented by the vertical
line avea in figure 2. The unclassified portion
of the sample fish with their total counts, after
application of the diseriminant function, ranging
from 43.70 to 45.00 (the dotted and cross-
hatched areas of figure 2) will be an ex-
pected 37.3 percent (50 minus 12.7). Of those
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- g 50.0 - e
fish classified (62.7 percent), (:_.TTXIOU, or T9.7
percent. will be correctly classified, and 20.3 per-
cent. will be incorrectly classified. Therefore,
an increased reliability of classification has been
obtained.

CONN, R: HUDSON R,

FREQUENCY

Wi W. | HW

] 43.70 4433 4500

mm‘\\‘\lm.‘.

Y

Ficure 2—Theoretical normal curves of the Y values for
samples of shad of equal size from the Hudson and
Connecticut Rivers.

APPLYING THE CALCULATED
DISCRIMINANT FUNCTION

The results of applying the ecalculated dis-
criminant.  function, F=0.1053X,+0.8014.Y,+
0.0292.Y, + 1.1978.Y, + 0.5173.X ;, to samples of shad
from Beach Haven, Point Pleasant, and Staten
Island are summarized in table 6. "Those shad
having a ¥ value above 45.00 were classified
‘as Hudson River shad, and those having a ¥ value
below 43.70 were classified as Connecticut River
shad for a total of 265 fish. Shad with a ¥ value
between 43.70 and 45.00 were not classified, which
amounted to 165, or 38.4 percent. of all the sampled
shad. This is in close agreement with the expected
37.3 percent unclassified, as given in the previous
section.

TasLE G.—Clussification of 265 xshad from the New York—
News Jersey coust as [Tudson and Conneeticnt River fish
by applping calealated diseriminant function

[38.4 pereent. of shad in samples not elassified]

From Tudson From Connecticut

Sampling loeation River River Taotal
classified
Number | Percent | Number | Pereent
Beach Haven. . 41 T3 15 27 50
Point Pleusant. 45 39 70 6l 113
Staten Island... 4 70 2u 21 £

It was necessary to assume when applying the
calculated function that the sampled shad from
the New York-New Jersey coast were native to
either the Hudson or Connecticut River. There-
fore, the following percentages include shad cor-
rectly and incorrectly classified as from the Hud-
son and Connecticut Rivers and may also include
shad native to other rivers along the coast. If
shad native to other rivers in addition to the
Hudson and Connecticut River were present in
the samples obtained on the New York—New
Jersey coust, an unknown bias in the percentage
of Hudson River to Connecticut River shad would
be introduced. This bias or error would be signi-
ficant if the shad from the other rivers had a dis-
tribution of meristic counts more closely resem-
bling those of the Hudson River than the Con-
necticut. River, or vice versa. A further discus-
sion of the effects of sampling shad on the New
York-New Jersey coast native to neither of the
two rivers will be given in a later section.

From table 6 it can be seen that T3 percent of
the shad in the Beach Haven sample were classi-
fied as native to the Hudson River and 27 percent
to the Connecticut River. The results at Point
Pleasant were 39 percent Hudson River shad and
61 percent Connecticut River shad. At Staten
Island, 79 percent of the fish in the sample were
classified to the Hudson River and 21 percent to
the Connecticut River. The proportion of Hud-
son to Connecticut River shad classified at Point
Pleasant, which is located between Beach Haven
and Staten Island, was almost directly opposite to
that found at each of the other two stations. To
determine the reason for this reversal, the best
linear discriminant. function for each age group
was applied to the various age groups at each
coastal sampling location. Although the numbers
of shad in the samples differed and the meristic
counts were lower in the age groups at Point
Pleasant than at the other locations on the coast,
the more precise ¥ values obtained could not ac-
count for the reversal in proportion of Hudson
to Connecticut River shad in the Point Pleasant
samples.

A tagging program conducted on the New
Jersey coast in the spring of 1956 revealed that
the shad catch from the New York-New .Jersey
coast. was composed of T percent fish from the
Hudson River, 13 percent from the Connecticut
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River, and 11 percent. from other rivers along the
coast from Chesapeake Bay to the St. Lawrence
River (Nichols 1958). The meristic and tagging
studies gave similar results for the proportion of
Hudson and Connecticut. River shad in the sam-
ples obtained at Beach Haven and Staten Island,
but differed in the Point. Pleasant sample. Be-
cause the data obtained at Point. Pleasant during
the meristic study were not in agreement with
those obtained at Beach Haven and Staten Island,
or with those of the tagging study, it was assumed
that a sampling or counting error occurred at
Point Pleasant. Therefore, only the Beach Haven
and Staten Island meristic data were used to
estimate the proportion of Hudson and Connect-
icut River shad caught on the New York—New
Jersey coast. Averaging the data from these two
stations; the estimated percentage of shad classi-
fied to the Hudson and Connecticut Rivers that
were taken off the New York-New .Jersey coast
in 1956 was TT7 percent and 23 percent, respec-
tively.

Diseriminant function analysis will not. com-
pletely discriminate a mixed sample of shad from

.the two rivers because 28.4 percent of the ¥ value

distribution of each river overlaps that of the
other river. Therefore, shad with 1™ values in
the avea of greatest overlap (between I values
43.7 and 45.0 in fig. 2) were not classified. This
amounted to 37.3 percent of the shad sampled in
the Hudson and Connecticut Rivers, and 38.4 per-
cent of the shad sampled on the New York-New
Jersey coast. Refusing to classify 38.4 percent of
all the shad sampled on the coast reduced the error
in classification from 28.4 percent to 20.3 percent.
This is the percentage of fish native to one river
that is incorrectly classified as being native to the
other river. If the coastal sample was composed
of an equal number of tish from both rivers, the
20.3 percent. error would cancel out. Since the
percentage of shad native to the two rivers was
not. the same (77 percent versus 23 percent), a cor-
rection must. be made to remove the 20.3 percent.
error and thereby obtain the best estimate of the
percentage of Hudson and Connecticut River shad
taken on the New York-New .Jersey coast.

Of the 150 shad in the Staten Island and Beach
Haven samples that were classitied (table 6), 115
were classified as native to the Hudson River and
35 were classified as native to the Connecticut

River. The 115 shad classified as native to the
Hudson River contained shad native to the Con-
necticut River, and the 35 shad classified as native
to the Connecticut. River contained shad native to
the Hudson River. The best estimate of the num-
ber of shad native to each river was determined
by solving the following pair of simultaneous
equations:
40203 =115
'+0203 H= 35

In these equations /7 equals the number of shad
classified as Hudson River shad that were Hudson
shad; 0.203 ¢ equals the number of shad classified
as Hudson River shad that were Connecticut
River shad; ' equals the number of shad classi-
fied as Connecticut River shad that were Con-
necticut River shad; and 0.203 A equals the num-
ber of shad classified as Connecticut River shad
that were Hudson River shad. The number of
shad sampled on the New York-New Jersey coast
and assigned to the Hudson and Connecticut
Rivers was 135 (112423, or H+0.203 H) and 15
(12+3, or ('+0.203 ('), respectively. Therefore,
it was concluded from this meristic study that the
proportion of shad landed on the New York—New
Jersey coast classitied as Hudson River or Con-
necticut River shad was 90 percent and 10 percent,
respectively.

DISCUSSION

In the analysis of meristic data, it was assumed
that the catch of shad along the New York-New
Jersey coast was composed only of shad native to
the Hudson and Connecticut Rivers. The tagging
study, which was conducted concurrently with the
meristic study on the New York-New Jersey coast
(Nichols 1938), revealed that 11 percent of the
shad caught here in 1956 were native to streams
other than the Hudson and Connecticut Rivers,
from Chesapeake Bay to the St. Lawrence River.
If, as estimated from tag returns, 11 percent of
the shad taken on the New York-New Jersey
coast. were not native to the Hudson and Con-
necticut Rivers, there may he an error of as much
as 11 percent in the proportion of shad found na-
tive to both of these rivers (90 percent Hudson,
10 percent. Connecticut). The effect. of shad na-
tive to other rivers on the determination of the
proportion of Hudson and- Connecticut River
shad taken on the coast would depend on the
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meristic-count distribution of these shad. If most
of the fish native to other streams had total meris-
tic counts of 45.00 and above, after application
of the caleulated diseriminant function they would
be classified as Hudson River fish; and con-
versely, if most of the fish had total meristic
counts of 43.70 or less, they would be classified as
Connecticut River fish.

Cable, in years previous to this study, collected
meristic data? from shad caught in many shad-
producing areas from Chesapeake Bay to Maine.
The average meristic counts obtained by Cable
for shad from areas other than the Hudson and
Connecticut Rivers were generally in the range
between the average 1956 counts for the shad
sampled in the two vivers. Therefore, the error
introduced by classifying coastal-caught shad
native to other streams as Hudson River or Con-
necticut River fish was considered negligible.

From the tagging study which was conducted
concurrently with the meristic study, it was con-
cluded that the shad catch on the New York-New
Jersey coast was composed of 76 percent Hudson
River fish, 13 percent Connecticut River fish, and
11 percent fish from other areas (Nichols 1958).
The proportion of Hudson River to Connecticut
River fish in the New York-New Jersey coastal
shad catch was determined from these data.
Seventy-six percent of the shad caught on the
coast were considered to be native to the Hudson
River, and 13 percent. were considered to be native
to the Connecticut River. Consequently, the por-
tion of Hudson River fish in a ratio of Hudson
River to Conmnecticut River shad caught on the

76
T6+13’
shad considered to be native to the Connecticut

coast was or 85 percent. The portion of

. 13 x
River was =, ov 15 percent. Therefore, as

T6+13
determined from the tagging study, the best esti-
mate of the proportion of shad landed on the coast
native to the Hudson River and Connecticut River
was 85 percent and 15 percent, respectively. From
the meristic study it was calculated that the coastal
shad catch was composed of 90 percent Hudson
River and 10 percent Connecticut River fish. The
proportion of shad taken on the coast native to the
Hudson River and Connecticut River as deter-

1 Unpublished data. U.8. Pureau of Commercial Fisheries,
Blological Laboratory, Beaufort, N.C.

mined by meristic data and tagging studies com-
pares favorably. This favorable comparison indi-
cates that the proportion of shad native to the
Hudson River and Connecticut River taken on the
coast, as calculated from the sampled meristic
data, was not appreciably affected by shad native
to rivers other than the Hudson and Connecticut.

In the meristic study it was assumed that the
coastal catch was composed of only Hudson and
Connecticut River fish; however, the tagging
study revealed that approximately 11 percent of
this catch was composed of shad from other areas.
Since this percentage was small, its effect on the
meristic determination of the proportion of Hud-
son River to Connecticut River shad caught on
the coast would be negligible, and for practical
purposes could be disregarded.

It was estimated that the cost of the meristic
study was approximately one-tenth that of the
tagging program. Therefore, when a meristic
study is practical to separate populations, this
method should be considered since it may yield
information comparable to that obtained from a
tagging study at only a fraction of the cost.

SUMMARY

Meristic data obtained from shad sampled on
the New York-New Jersey coast and in the Hud-
son and Connecticut Rivers were analyzed to de-
termine the proportion of the 1956 coastal catch
native to the two rivers.

Meristic counts obtained from shad sampled in
the Hudson and Connecticut Rivers were found
to be representative of each shad population.
Five meristic characters were used to derive a
simple discriminant function that correctly classi-
fied 68.5 percent of the fish in a mixed sample of
Hudson and Connecticut River shad. The cal-
culated best linear discriminant function, which
gave emphasis to the larger differences between
certain meristic characters of Hudson and Con-
necticut River shad, correctly classitied 71.6
percent of a mixed sample of Hudson and Connect-
icut. River shad. The percentage correctly classi-
fied can be increased if the fish in the region of
greatest overlap in meristic counts are not classi-
fied. Therefore, when 62.7 percent of the fish in
the sample are classified, the percentage correctly
classified is increased to T9.7 percent. The error
in classification (20.3 percent) is the percent of
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either population classified as being native to the
other population.

The caleulated best linear discriminant fune-
tion obtained from the Hudson and Connecticut
River shad meristic data was applied to the meris-
tic data from shad samples obtained at three loca-
tions on the New York-New Jersey coast—Beach
Huven and Point Pleasant, N.J.,, and Staten
Island, N.Y. Assuming that only shad from the
Hudson and Connecticut Rivers were present in
the coastal samples, the percentages of shad as-
signed to each river were Beach Haven, 73 per-
cent Hudson River, 27 percent Connecticut River;
Point Pleasant, 39 percent Hudson River, 61 per-
cent Connecticut. River; Staten Island, 79 per-
cent Hudson River, 21 percent Connecticut River.
The meristic data obtained at Point Pleasant were
not used since they did not agree with the find-
ings “at Beach Haven or at Staten Island or with
the results of the tagging program which was
conducted concurrently with the meristic study.

“Analysis of meristic data from shad sampled
at Beach Haven and Staten Island revealed that
the ratio of Hudson-to-Connecticut shad in the
New York—New Jersey coast catch was 77 per-
cent and 23 percent, respectively. After correc-
tion of these results for the 20.3 percent error in
classification of shad native to either river, the
percentages of Hudson and Connecticut shad in
the New York—New .Jersey coast shad catch in
1956 were estimated to be 90 and 10 percent.

A tagging study conducted concurrently with
the meristic study on the New York-New Jersey
coast revealed that the coastal shad catch was
composed of 11 percent fish native to rivers other

than the Hudson and Connecticut. If these shad
had meristic-count distributions similar to either
Hudson or Connecticut River shad, a bias would
be introduced into the determination of the pro-
portion of Hudson to Connecticut River fish
taken on the coast as determined from the meristic
study. Previous studies indicate that the average
mevistic counts for shad caught in many shad
producing areas from Maine to Chesapeake Bay
are generally in the range of the meristic counts
found for the shad sampled in the Hudson and
Connecticut. Rivers. Therefore, the error intro-
duced into the determination of the proportion
of Hudson River to Connecticut River fish in
the coastal catch was considered negligible.

It was concluded from the tagging study con-
ducted concurrently with the present investiga-
tion that the coastal shad eatch was composed of
76 percent Hudson River fish, 13 percent. Connect-
icut River fish, and 11 percent fish from other
areas. The proportion of Hudson to Connecticut
River shad in the coastal shad catch was there-
fore 85 percent and 15 percent,
These results compare favorably with those ob-
tained from the meristic study where it was de-
termined that the coastal catch was 90 percent
Hudson River fish to 10 percent Connecticut
River fish.

The cost of the meristic study was approxi-
mately one-tenth that of the t‘lrrginrr study.
Therefore, when a meristic study is pld(‘tl(.“‘ll to
separate populations, it should be considered since
it may yield comparable information to that ob-
tained from a tagging study at only a fraction
of the cost.

respectively.
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APPENDIX

CALCULATING LINEAR DISCRIMINANT FUNCTION

Rao (1952) and Johnson (1950) outlined the
method that. was used to ealculate the diserimi-
nant function, In this supplement, caleulation
of the diseriminant function is presented in a
simple bnt. detailed manner.  The method can be
applied to any number of characters, but. to sim-
plify the process, three characters from each fish
have been used. The three sets of characters from
each of two groups of Hsh are denoted as «, b, and
¢. Group 1 consists of 30 fish and group 2 of 40
tish (table A-1). The steps in caleulating the
digeriminant. funetion are as follows:

Ntep I —Calenlate the values of the characters
as listed in table A-2,

Tasrk A~1.—TFalues of three sclected charaeters from tieo
groups of shad

Group 1 ! Gronp 212

m Iy 1 iz ha ra
23 15 17 23 13 17
23 15 17 n 14 17
22 14 20 22 15 17
1 16 17 2 15 18
21 16 18 21 15 18
21 16 18 22 15 18
ot} 13 17 22 13 18
22 17 17 N 15 18
22 18 18 2 15 18
22 16 17 o2 14 18
21 15 18 21 15 1R
21 17 17 21 16 17
23 16 18 R 15 17
21 15 18 21 16 18
2 14 17 22 15 17
23 17 17 22 15 13
2 15 20 ) 15 18
22 15 18 21 15 17
22 14 18 202 15 17
23 17 1M a2 15 19
22 15 14 23 17 18
22 15 18 2 16 17
21 1 18 2 14 17
21 17 10 22 15 18
2 15 19 21 13 18
21 14 18 21 15 18
21 15 19 20 14 17
22 168 17 22 18 149
23 14 18 23 15 19
>3 15 13 21 15 18

21 15 14

a1 15 14

23 13 17

g 15 18

32 16 18

21 15 19

23 15 18

2 14 18

21 14 14

21 15 17

1 Basedl on 30 shud.
2 Based on 40 shad.

Step 2.—Calculate the pooled within-groups
sums of squares and sums of products. This is
shown in detail in table A-3 and summarized in
table A—4.

Step 3—The variances and covariances shown
in table A-5 were determined by dividing the
within-groups values in table A—£ by the number
of degrees of freedom (n,+n,—2), which in this
case is 68, The “difference in means™ cglumn in
table A-) is determined as follows:

@~y 0y—bs and &—cz-

TABLE A-2.—Sum, mcean, sun of quarcs, and sum of prod-
ucts for the three characters in the tico groups of shad

Sum of
sruares

Sum of

Characters Sum Meun
. products

Group 1 (n;=30

fish): -
e Sa =656 | m=218667 | Say2=14.360 | Saby=10,232
B Bhy=468 | Ta=15.6000 | Xh2=7.326 | Smei=11. 784
o Sep=589 =17.9667 | Sc?=u707 | Shie,=8.403

T=21. 7000
Te=14.8250
T2=17. 5000

Bua=808
Sha=543
Zea=716

Sa2=1%, 8§54
Si?=8, 821
Zeit=12, 836

Saha=12, 369
Sazea=106, 537
Shaca=10, 617

Tasrk A-B.—Calcitlation of pooled total and. yroup sums
of squarcs and sums of products for groups 1 and 2
[r1=30 fish: n2=40 fish]

Characters Calculation for groups 1 and 2
ay, A
Total . ___.___ “m"-{;.‘..n--—:i:’s ,214.0000
= f RAS)2
Group sums. ——_,;!l-'l-i-( ':':) --%” +(—‘2)-=33 181).1333
a, In, az, ha:
Total ... ..u|h|+En-ln- 23,101.0000
Sa) (=h) +(..u:) (:.h-.-)_(ﬁsn) (468) +(Sﬁs) (393)_,,3 101.7000
n Az 30
“a|¢'|+-unrn=$ 321.0000
x 2) _ (R56) (534 %) (716) _ o 39
Giroup sums. Saltze) ) < (B86) 1534) 4 (S6%) (T16) _ og 33 3333
I m a 3 40
Total. _._..__| Shl4-Xba?=16,147.0000
(Sh)? (Sha)? — (46%)7 (508)?
1 —_— = —= =16,082.0250
Ciroup sums. = e =30 + i 16,042.0251]
hy, c1. b, ca:
Total.______. By Shaea=19,020.0001
Group sums. (=hn(= c|)+(..hg) (..l"_')_(4“8)(339)+f503)(11h) 19,023.1000
ny N2 30 40
€1, C20
Total..._.... sc|!+.‘:c(:!=2-zz.543.0000 \
(St (Se?_ (53917 (T18)2_ .,
Group sums. - +———_"2 50 .|_—40 ,500.4333
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TABLE A—t.—Cualeulation of within-groups sum. of squarcs and xum of products for the three characters icithin the

two groups, 1 and 2

b

(4

Within groups=

Total=233, 214. 0000
Groups=33, 180. 1333

33. 8667

Total=23, 101. 0000
QGroups=23, 101. 7000

Within groups=  —. 7000

Total =27, 321. 0000
Qroups=27, 323. 3333

Within groups= —2.3333

Total=18. 147. 0000
Groups=16. 092. 0250

Total= 14, (2u. 0000
Groups=19, 023. 1000

Within groups=

54. 975

Within groups= —. 1000

Total=22, 543. 00D
Groups=22, 500. 4333

Within groups= 42, 5667

TaBLE A-5.—Variance and covariance based on (n,+n;—2)
degrees of freedom

Difference Sum
a b ¢ in means | including
Indented
[ S, 0. 4980 —0.0103 —0. 0343 0. 1667 0. 6201
R . BOS! —. 0456 L7750 1. 5276
. 6260 . 0667 . 6128

TABLE A-B.—I'ivotal condensation of 3 by 3 matrixe to ob-
tain successive best discriminunt functions

[Numerleal vilues)

I 1L III v \% \'2 1
Differ- | Sum in- | Check

ence cluding |excluding
in means ! indented | indented

0. 1667 0. 6201

. T80 1. 5276 |

~0867 . 6128

11,0084
10......| L0000 [ — 0207 —.0889| .3347 |.___..___. 1. 2451
Mm_o_ ... v 0207 . 8083 -—.04R3 . 7784 1. 5197 1. 5404
12 .. —. 08Ul . 5236 0782 . 5866 . 5555
13 . = T 7| I D —. 0558 1.1355 . 8008
20 —.0256 [ 1.0000 [ —.0573 .9630 |._.._..__. 1. 8501
2. —.0701 I =073 6209 1228 6163 L6736
22 ... 3546 [+ LUR30'| ... ... —. 8054 6350 —. 3280
30 oo —. 20| —.0923) 1.0000 L1978 |l . 9926
3. . 3685 Y743 |! .19785 —. 8247 7109 .58131

1 1

1 8um of ditference.

Step 4.—Lines 01, 02, and 03 in table A-6 are
the same as lines @, b, and ¢ in table A-5. By ap-
plying the pivotal condensation method to the
3 x 3 matrix in table A-5, successive discriminant
functions are obtained using one, two, and then
three characters (table A—6, lines 13, 22, 31). In

table A-T7, letters are nsed to illustrate the pivotal
condensation method for obtaining the values
shown in table A-6. For example, the value
0.6236 shown in line 12, colummn IIT was ealenlated

by the formula K- (( ';_'!) (table A-T, line

12, column III) as follows: 0.6260— (—.0343)
(.0689) =0.6236. Column VI of table A—6 is used
to check on the mathematical computations as one
proceeds with the pivotal condensation of the
matrix.

Line 31 of table A-6 is the best linear diserim-
inant funection calculated from the three sets of
measured characters. This funetion takes the
form X =.3685«+.974364.1978¢.

CALCULATING PERCENTAGE OF
MISCLASSIFICATION

If the values for «, b, and ¢, in group 1 of
table A-2 are substituted in the evolved
discriminant function, the ¥ value for group 1 is
0.3685(21.8667) + 0.9743(15.6000) +0.1978(17.9667)
=96.8108. When the mean I value for group
2, 0.3685 (21.7000) + 0.9743 (14.8250) + 0.1978
(17.9000) =25.9811, is subtracted from the X~
value for group 1, the difference is 0.8297. This
value is the same as line 31, column IV, table A-6,
and is equal to the variance of the derived
function.
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TABLE A-7.—Pivotal condcnsation of a 8 by 3 matriz to obiain successive best discriminant functions
[Coded letter values)

III

Difference in

v v VI

Sum including indented Check excluding indented

means

e gy r Q

P P
21 s %=(G-Q)=m % ! _( Q‘Q =h
R FleR=r -g ____________________
— P B ]
B ’—(i'j) pled) T

(E+F+GHda =1
(F+HA-J+dy =M
(G+J+E+dy=N
(datdetd)=T

E+F+Gtda_ g
s S
M—(F.8) or U—g

-G
N—(G.¢ X-=
(G.S) or X 5

Sum of line 1=U
Sum of line 124 Q=X

Sum of line 13+R+W=2Z | T—(ds.S) or z_"E_'-

F
FHPHOER
v ¢
X—(g.Q)or f—%
_ R
Z—(G.R)or P

Sum of line 21 =f

Sum of ling 22+ ==

Sum of line 30=¢

EA
h n .
t—(i-%) Sum of line 31 = v—-’-ﬁor —q.j

When 0.8297 is divided by two and this quotient
(0.4148) is added to 25.9811 or subtracted from
26.8108, the value 26.3960 is obtained. If the a,
b, and e values for any unclassified fish belonging
to group 1 or group 2 are substituted in the dis-
criminant. function, any fish with a I~ value above
26.3960 will be classified as group 1, and any fish
with a I” value of less than 26.3960 will be classi-
fied as group 2.

The error of classification will be equal to 1
minus the probability of the normal deviate

04148 14148
V0.8297 0.9110
normal deviate is 0.68 (Fisher and Yates, table
IX, 1953). Therefore, the error of classification
for group 1 fish or group 2 fish is 32 percent.
When classifying a mixed sample containing shad
helonging to either of the two groups, 32 percent
of the sample will be incorrectly classified.

=0.46. The probability of this
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